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A Wireless Sensor Network (WSN), distributed within an
area of interest, is a network that contains many wirelessly
interconnected devices, with sensing, communication, and
processing abilities called sensor nodes. A WSN also com-
prises of at least one sink node, called base station, which
has enhanced energy, computational, and communication
resources [1]. Based on the combined use of its constituting
elements, a WSN is capable of monitoring the conditions
existing at extensive regions of interest [2, 3]. For this reason,
the domain of WSNs is considered the basis for Internet of
Things (IoT) and Internet of Everything (IoE) and supports
a continuously growing range of human activities [4–11].
On the other hand, the development of WSNs is
obstructed due to both the restricted resources of sensor
nodes in energy supply, memory and processing, and the
inherent limitations of wireless communications, in terms
of power, speed, and capacity of communication channels
as well as resistance to interferences and intrusion detection
and prevention to preserve data security.
Particularly, the most important weakness ofWSNs is the
extremely restricted energy sufficiency of sensor nodes that
reduces their operational time and thus shortens the overall
network lifetime [12]. Consequently, the achievement of
energy conservation is vital for WSNs to remain operational.
This is why all possible causes of energy waste in sensor
nodes must be eliminated. Given that, the procedure of wire-
less communication is by far the most energy consuming task
of a sensor node, and numerous research works have been
proposed in order to accomplish power control and energy
efficient routing of data among the sensor nodes themselves
and the BS [13–18].
Also, several data aggregation methodologies that aim at
eliminating redundant data in order to reduce the volume of
the data transmitted have been developed [19, 20]. Their
usage saves energy, under the condition that the energy
expended for aggregation purposes is lower than the energy
consumed for raw data transmission.
Additionally, the preservation of network connectivity in
WSNs is an issue of crucial importance for both the execu-
tion of the routing process and the prolongation of network
lifetime. This is because, as soon as a sensor node is discon-
nected from its neighboring nodes due to either a malfunc-
tion or the depletion of its energy reserves, the data routing
is obstructed for them, and the corresponding communica-
tion cost is considerably increased, thus accelerating their
depletion. For these reasons, various methods pursuing
connectivity conservation are used [21, 22].
Another very important performance metric is that is
that of coverage. Three types of coverage in WSNs are iden-
tified, namely, area coverage, point coverage, and barrier cov-
erage. Specifically, area coverage expresses the ability of the
network to monitor an area of interest, meaning that all
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points within this area are within the sensing range of at least
one sensor node. Similarly, k-coverage refers to the ability of
the network to assure that all points within an area of interest
are always within the sensing range of at least k sensor nodes
(where k is a positive integer number). Also, point coverage
refers to the ability of the network to guarantee that a prede-
termined group of points are observed by at least one sensor
node. Additionally, barrier coverage refers to the ability to
detect the movement across a barrier of sensor nodes.
The maximization of area coverage is the most widely
referred case in WSNs. There are various factors that affect
coverage. For example, the deployment of sensor nodes can
be either random or deterministic. Likewise, the sensitivity
of sensor nodes may be either Boolean or probabilistic.
Also, the sensing area may be deterministic or probabilistic.
Similarly, the communication range of sensor nodes may be
invariable or variable. Additionally, sensor nodes may be
either static or mobile. Moreover, the coverage scheme
adopted may be either centralized or distributed [23].
Therefore, the maximization of coverage using the resource
constrained sensor nodes in a WSN is a nontrivial problem.
This is why sophisticated methodologies for coverage
maximization are used [24–26].
Congestion is an additional problem for WSNs. Actually,
two types of congestion may occur in WSNs. The first of
them is the so-called node-level congestion that is caused
by the overflow of sensor node buffers. The link-level conges-
tion is the second type. It occurs when many sensor nodes try
to use simultaneously the same communication channel [27].
Both types of congestion cause packet losses and conse-
quently necessitate packet retransmissions thus depleting
the energy reserves of sensor nodes and reducing communi-
cation throughput [28]. For these reasons, numerous meth-
odologies for congestion avoidance [29–32] that aim at
preventing the occurrence of congestion and congestion con-
trol [33–35] that try to alleviate existent congestion are used.
Likewise, in WSNs where multimedia data are transmit-
ted, there is need to transfer huge volume of information in
high rates, thus increasing the energy cost of communication
and overloading the communication channels [36, 37]. The
usage of appropriate schemes that have been proposed in
order to accomplish compression and restoration of images
[38–41] or video [42, 43], in such cases, provides consider-
able decrease of communication load.
The attainment of high QoS is very important not only
for wireless multimedia sensor networks (WMSNs) but also
for all kinds of WSNs. QoS in WSNs may consider collective
parameters such as latency, packet losses, bandwidth, and
throughput, which are also taken into account in conven-
tional networks. Yet, there other QoS metrics too that are
related with the distinctive features of WSNs such as the
limitations of the sensor nodes, the unbalance of traffic, the
heterogeneity of senor nodes, the scalability requirements,
the dynamic nature of networks, the differences in message
priorities, the variety of traffic types, and the coexistence of
various sinks [44]. For these reasons, various methods for
QoS preservation in WSNs have been proposed [45, 46].
Security is also an issue of critical importance, because
cyberattacks have become one of the most challenging prob-
lems that organizations must face, and WSNs are not the
exemption to this. General methods have been proposed for
the optimization of cybersecurity controls [47, 48]. Yet, such
methods are not directly applicable toWSNs. This is because,
in WSNs, sensor nodes may operate unattended and con-
nected in a ubiquitous manner with a number of devices
within the context of zero-trust security. This makes WSNs
a challenging infrastructure to secure against numerous
threats. The application of cyber controls to WSNs at opera-
tional level is not a straightforward process not only due to
the above reasons but also due to the limited resources that
sensor nodes have available. Numerous works have investi-
gated secure data transmission in WSNs or device-to-device
communications in general [49–53].
Scientific literature is rich in approaches that aim at
achieving performance optimization in terms of individual
metrics, like the aforementioned ones. However, meeting
desired requirements in terms of more than one of these
metrics is much more difficult, due to the fact that in many
cases, the conditions required to optimize each one of these
metrics may conflict with each other.
Thus, the combinational use of conventional single-
objective optimization algorithms may be unsuitable for real
applications, since they act to the detriment of the rest of the
performance parameters. For instance, the coverage maximi-
zation objective in a WSN requires the sparse placing of
nodes, which increases the energy cost of communication
and thus obstructs the pursuit of maximizing the network
lifetime. Similarly, the sparse deployment of sensor nodes
worsens connectivity. Also, in order to save energy, it is pref-
erable to transmit sensed data over reduced distance at each
hop. Yet this increases the accumulative time for data trans-
mission from source to final destination. So the minimization
of energy cost of communications in a WSN contradicts the
objective of minimizing the end-to-end latency. Similarly,
the objective of attaining high QoS obstructs the conserva-
tion of energy. Likewise, the increase of the number of sensor
nodes is beneficial for the connectivity, the coverage, and the
overall network operability at the expense of increasing
energy consumption. In the same way, the accomplishment
of high security standards acts to the detriment of numerous
nonsecurity requirements, like the abovementioned ones,
that may occasionally or always be more critical than protect-
ing a WSN infrastructure against cyberattacks [54]. For these
reasons, the development of multiobjective optimization
algorithms which aim at simultaneously achieving various
goals, subject to a set of constraints in order to enhance the
performance of WSNs, is a critical challenge [54–60].
Metaheuristic search methods have been very promising
in this area, as most of them can approximate multiple ele-
ments of the Pareto front in a single evaluation, due to their
population-based nature. Another important advantage of
these methods is their ability to avoid getting trapped in local
minima, which makes them suitable for global optimization
[60]. Some of the most popular metaheuristic search
methods are based on evolutionary computation [61–63],
where the objective is to imitate biological evolution, and
on swarm intelligence methods [64–66], which mimic the
collective behavior exhibited by swarms of birds. Hybrid
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methods, combining the advantages of both worlds, have also
been proposed [67].
Within this line of research, Kong and Yu, in their work
entitled Modeling and Optimization of RFID Networks
Planning Problem, presented a mathematical model that con-
siders the tag coverage and the reader interference, in order
to solve the planning problem at Radio Frequency Identifica-
tion (RFID) Networks. For this reason, they introduced the
DEEPSO algorithm, which adds Differential Evolution (DE)
and Evolutionary Strategies (ES) to the standard Particle
Swarm Optimization (PSO) algorithm. It was shown that
DEEPSO improves global convergence ability and particle
diversity, while also avoiding local convergence.
A different approach involves decentralized schemes
which make use of cooperative agents, where data are parti-
tioned and processed in individual clusters, thus avoiding the
need of solving the optimization problem in a centralized
way [68]. Within this context, Aznaoui et al., in their work
entitled A Heuristic Algorithm of Cooperative Agents Commu-
nication for Enhanced GAF Routing Protocol in WSNs pro-
posed a novel routing protocol. This protocol, named the
Cooperative Agents GAF (CAGAF) protocol, uses a heuristic
method based on cooperative agent communication, in order
to find an optimal path in terms of energy to transmit data col-
lected until reaching the base station. The proposed protocol
was found to outperform GAF protocol in terms of consider-
ing important data, energy consumed, and dead nodes.
Jadoon et al., in their work entitled Performance Evalua-
tion of Zone-Based Routing with Hierarchical Routing in
Wireless Sensor Networks, also focus on data routing proto-
cols in WSNs. Precisely, they made a comparative study
among zone-based and static cluster hierarchical routing
protocols in terms of three performance criteria, namely,
energy efficiency, network throughput, and overall network
lifetime. It was shown that in zone-based protocols, contrary
to what happens in static cluster hierarchical protocols, no
extra control information is needed while selecting the next
hop nodes, thus achieving better performance in terms of
the three abovementioned criteria.
Last but not least, Mo et al. in the research work entitled
Transmit Power Allocation with Connectivity Probability for
Multi-QoS in Cluster Flight Spacecraft Network proposed a
transmit power allocation strategy to minimize the average
packet error rate at the access point in cluster flight spacecraft
networks (CFSNs). By usingMonte Carlo method for the val-
idation of the analytical model developed, the influence of
node transmit power on the QoS performance of cluster
flight spacecraft network was simulated and analyzed under
the assumption of finite overall network transmit power
and low traffic load. It was verified that the proposed transmit
power allocation strategy allows to minimize the packet error
rate for a given total network transmit power at any time slot
for CFSNs.
Based on the ceaseless evolution of WSNs, and the ever
growing range of their applications, it is logical to suppose
that more and more challenges will arise for the develop-
ment of sophisticated algorithms that will be able to
achieve the performance optimization of WSNs in terms
of multiple objectives.
Conflicts of Interest
The editors declare that they have no conflicts of interest
regarding the publication of this special issue.
Acknowledgments
We sincerely thank the authors, the reviewers, and the edito-
rial board members for their contribution to this Special
Issue. Hopefully, the information presented in this will be







[1] I. F. Akyildiz, W. Su, Y. Sankarasubramaniam, and E. Cayirci,
“Wireless sensor networks: a survey,” Computer Networks,
vol. 38, no. 4, pp. 393–422, 2002.
[2] J. Yick, B. Mukherjee, and D. Ghosal, “Wireless sensor net-
work survey,” Computer Networks, vol. 52, no. 12, pp. 2292–
2330, 2008.
[3] Q. Wang and I. Balasingham, “Wireless Sensor Networks-an
Introduction,” in Wireless Sensor Networks: Application-
Centric Design, pp. 1–14, IntechOpen, London, UK, 2010.
[4] D. Kandris, C. Nakas, D. Vomvas, and G. Koulouras, “Applica-
tions of wireless sensor networks: an up-to-date survey,”
Applied System Innovation, vol. 3, no. 1, p. 14, 2020.
[5] T. Arampatzis, J. Lygeros, and S. Manesis, “A survey of appli-
cations of wireless sensors and wireless sensor networks,” in In
Proceedings of the 2005 IEEE International Symposium on,
Mediterranean Conference on Control and Automation Intelli-
gent Control, 2005, pp. 719–724, Limassol, Cyprus, 2005.
[6] F. Zantalis, G. Koulouras, S. Karabetsos, and D. Kandris, “A
review of machine learning and IoT in smart transportation,”
Future Internet, vol. 11, no. 4, p. 94, 2019.
[7] R. Hussian, S. Sharma, V. Sharma, and S. Sharma, “WSN
applications: automated intelligent traffic control system using
sensors,” Int. J. Soft Comput. Eng, vol. 3, no. 3, pp. 77–81, 2013.
[8] S. A. Nikolidakis, D. Kandris, D. D. Vergados, and
C. Douligeris, “Energy efficient automated control of irrigation
in agriculture by using wireless sensor networks,” Computers
and Electronics in Agriculture, vol. 113, pp. 154–163, 2015.
[9] C. Abreu and P. Mendes, “Wireless sensor networks for bio-
medical applications,” in In 2013 IEEE 3rd Portuguese meeting
in bioengineering (ENBENG), pp. 1–4, Braga, Portugal, 2013.
[10] N. A. Pantazis, S. A. Nikolidakis, D. Kandris, and D. D. Verga-
dos, “An automated system for integrated service management
in emergency situations,” in In 2011 15th Panhellenic Confer-
ence on Informatics, pp. 154–157, Kastonia, Greece, 2011.
[11] M. P.Đurišić, Z. Tafa, G. Dimić, and V. Milutinović, “A survey
of military applications of wireless sensor networks,” in In
2012 Mediterranean conference on embedded computing
(MECO), pp. 196–199, IEEE, 2012.
[12] D. Kandris, P. Tsioumas, A. Tzes, G. Nikolakopoulos, and
D. Vergados, “Power conservation through energy efficient
3Wireless Communications and Mobile Computing
routing in wireless sensor Networks,” Sensors, vol. 9, no. 9,
pp. 7320–7342, 2009.
[13] N. Pantazis and D. Kandris, “Power control schemes in wire-
less sensor networks,” WSEAS Transactions on Communica-
tions, vol. 4, no. 10, pp. 1100–1107, 2005.
[14] K. Akkaya and M. Younis, “A survey on routing protocols for
wireless sensor networks,” Ad Hoc Networks, vol. 3, no. 3,
pp. 325–349, 2005.
[15] D. Kandris, P. Tsioumas, A. Tzes, N. Pantazis, and
D. Vergados, “Hierarchical energy efficient routing in wireless
sensor networks,” in In Proceedings of the 16th IEEE Mediter-
ranean Conference on Control and Automation (MED’08),
pp. 1856–1861, Ajaccio, France, 2008.
[16] C. Nakas, D. Kandris, and G. Visvardis, “Energy efficient rout-
ing in wireless sensor networks: a comprehensive survey,”
Algorithms, vol. 13, no. 3, p. 72, 2020.
[17] N. A. Pantazis, S. A. Nikolidakis, and D. D. Vergados, “Energy-
efficient routing protocols in wireless sensor networks: a sur-
vey,” IEEE Communications Surveys & Tutorials, vol. 15,
no. 2, pp. 551–591, 2013.
[18] S. Nikolidakis, D. Kandris, D. Vergados, and C. Douligeris,
“Energy efficient routing in wireless sensor networks through
balanced clustering,” Algorithms, vol. 6, no. 1, pp. 29–42, 2013.
[19] B. Krishnamachari, D. Estrin, and S. B. Wicker, “The impact of
data aggregation in wireless sensor networks,” in Proceedings
22nd International Conference on Distributed Computing
Systems Workshops, vol. 578, Vienna, Austria, Austria, 2002.
[20] G. Dhand and S. S. Tyagi, “Data aggregation techniques in
WSN: survey,” Procedia Computer Science, vol. 92, pp. 378–
384, 2016.
[21] Y. K. Joshi and M. Younis, “Restoring connectivity in a
resource constrained WSN,” Journal of Network and Com-
puter Applications, vol. 66, pp. 151–165, 2016.
[22] C. Pandana and K. J. R. Liu, “Robust connectivity-aware
energy-efficient routing for wireless sensor networks,” IEEE
Transactions on Wireless Communications, vol. 7, no. 10,
pp. 3904–3916, 2008.
[23] R. Mulligan and H. M. Ammari, “Coverage in wireless sensor
networks: a survey,” Network Protocols and Algorithms,
vol. 2, no. 2, pp. 27–53, 2010.
[24] G. Fan and S. Jin, “Coverage problem in wireless sensor net-
work: a survey,” Journal of Networks, vol. 5, no. 9, 2010.
[25] K. Tarnaris, I. Preka, D. Kandris, and A. Alexandridis, “Cover-
age and k-coverage optimization in wireless sensor networks
using computational intelligence methods: a comparative
study,” Electronics, vol. 9, no. 4, p. 675, 2020.
[26] A. Sangwan and R. P. Singh, “Survey on coverage problems in
wireless sensor networks,”Wireless Personal Communications,
vol. 80, no. 4, pp. 1475–1500, 2015.
[27] C. Wang, B. Li, K. Sohraby, M. Daneshmand, and Y. Hu,
“Upstream congestion control in wireless sensor networks
through cross-layer optimization,” IEEE Journal on Selected
Areas in Communications, vol. 25, no. 4, pp. 786–795, 2007.
[28] D. Kandris, D. J. Vergados, D. D. Vergados, and A. Tzes, “A
routing scheme for congestion avoidance in wireless sensor
networks,” in In Proceedings of the 6th Annual IEEE Confer-
ence on Automation Science and Engineering (CASE 2010),
pp. 21–24, Toronto, on, Canada, 2010.
[29] W. W. Fang, J. M. Chen, L. Shu, T. S. Chu, and D. P. Qian,
“Congestion avoidance, detection and alleviation in wireless
sensor networks,” Journal of Zhejiang University SCIENCE C,
vol. 11, no. 1, p. 63, 2010.
[30] S. E. Ploumis, A. Sgora, D. Kandris, and D. D. Vergados, “Con-
gestion avoidance in wireless sensor networks: a survey,” in in
Proceedings of the 2012 IEEE Panhellenic conference on infor-
matics (PCI 2012), pp. 234–239, Piraeus, Greece, 2012.
[31] H. S. Z. Kazmi, N. Javaid, M. Awais, M. Tahir, S.‐o. Shim, and
Y. B. Zikria, “Congestion Avoidance and Fault Detection in
WSNs Using Data Science Techniques,” Transactions on
Emerging Telecommunications Technologies, Article ID
e3756, 2019.
[32] D. Kandris, G. Tselikis, E. Anastasiadis, E. Panaousis, and
T. Dagiuklas, “COALA: a protocol for the avoidance and alle-
viation of congestion in wireless sensor networks,” Sensors,
vol. 17, no. 11, p. 2502, 2017.
[33] A. Ghaffari, “Congestion control mechanisms in wireless sen-
sor networks: a survey,” Journal of Network and Computer
Applications, vol. 52, pp. 101–115, 2015.
[34] M. A. Jan, S. R. U. Jan, M. Alam, A. Akhunzada, and I. U. Rah-
man, “A comprehensive analysis of congestion control proto-
cols in wireless sensor networks,” Mobile networks and
applications, vol. 23, no. 3, pp. 456–468, 2018.
[35] V. Srivastava, S. Tripathi, K. Singh, and L. H. Son, “Energy
efficient optimized rate based congestion control routing in
wireless sensor network,” Journal of Ambient Intelligence
and Humanized Computing, vol. 11, no. 3, pp. 1325–1338,
2020.
[36] D. Kandris, M. Tsagkaropoulos, I. Politis, A. Tzes, and
S. Kotsopoulos, “A hybrid scheme for video transmission over
wireless multimedia sensor networks,” In IEEE 17th Mediter-
ranean Conference on Control and Automation 2009, 2009,
pp. 964–969, Thessaloniki, Greece, 2009.
[37] I. Politis, M. Tsagkaropoulos, T. Dagiuklas, and
S. Kotsopoulos, “Power efficient video multipath transmission
over wireless multimedia sensor networks,” Mobile Networks
and Applications, vol. 13, no. 3-4, pp. 274–284, 2008.
[38] G. Nikolakopoulos, D. Kandris, and A. Tzes, “Adaptive com-
pression of slowly varying images transmitted over wireless
sensor networks,” Sensors, vol. 10, no. 8, pp. 7170–7191, 2010.
[39] S. A. Deepthi, E. S. Rao, and M. N. G. Prasad, “RTL implemen-
tation of image compression techniques in WSN,” Interna-
tional Journal of Electrical and Computer Engineering
(IJECE), vol. 9, no. 3, p. 1750, 2019.
[40] G. Nikolakopoulos, P. Stavrou, D. Tsitsipis, D. Kandris,
A. Tzes, and T. Theocharis, “A dual scheme for compression
and restoration of sequentially transmitted images over Wire-
less Sensor Networks,” Ad Hoc Networks, vol. 11, no. 1,
pp. 410–426, 2013.
[41] W. Aslam, M. A. Khan, M. U. Akram, N. A. Saqib, and S. Rho,
“Energy efficient image compression and transmission in
WSN,” in In Emerging Innovations in Wireless Networks and
Broadband Technologies, pp. 67–78, IGI Global, 2016.
[42] C. Longfei and Y. Tao, “Design of video compression method
for video sensor network,” Computer Era, vol. 4, p. 3, 2015.
[43] N. Ma, “Distributed video coding scheme of multimedia data
compression algorithm for wireless sensor networks,” EURA-
SIP Journal on Wireless Communications and Networking,
vol. 2019, no. 1, 2019.
[44] D. Chen and P. K. Varshney, “QoS support in wireless sensor
networks: a survey,” In International conference on wireless
networks, vol. 233, pp. 1–7, 2004.
4 Wireless Communications and Mobile Computing
[45] M. Hammoudeh and R. Newman, “Adaptive routing in wire-
less sensor networks: QoS optimisation for enhanced applica-
tion performance,” Information Fusion, vol. 22, pp. 3–15,
2015.
[46] S. Yahiaoui, M. Omar, A. Bouabdallah, E. Natalizio, and
Y. Challal, “An energy efficient and QoS aware routing proto-
col for wireless sensor and actuator networks,” AEU-Interna-
tional Journal of Electronics and Communications, vol. 83,
pp. 193–203, 2018.
[47] P. Nespoli, D. Papamartzivanos, F. G. Marmol, and
G. Kambourakis, “Optimal countermeasures selection against
cyber attacks: a comprehensive survey on reaction frame-
works,” IEEE Communications Surveys & Tutorials, vol. 20,
no. 2, pp. 1361–1396, 2018.
[48] A. Fielder, E. Panaousis, P. Malacaria, C. Hankin, and
F. Smeraldi, “Decision support approaches for cyber security
investment,” Decision Support Systems, vol. 86, pp. 13–23, 2016.
[49] K. Chelli, “Security issues in wireless sensor networks: attacks
and countermeasures,” in In Proceedings of theWorld Congress
on Engineering, vol. 1, 2015no. 20.
[50] A. Liu, Z. Zheng, C. Zhang, Z. Chen, and X. Shen, “Secure and
energy-efficient disjoint multipath routing for WSNs,” IEEE
Transactions on Vehicular Technology, vol. 61, no. 7,
pp. 3255–3265, 2012.
[51] H. Lu, J. Li, and M. Guizani, “Secure and efficient data trans-
mission for cluster-based wireless sensor networks,” IEEE
Transactions on Parallel and Distributed Systems, vol. 25,
no. 3, pp. 750–761, 2014.
[52] E. Panaousis, E. Karapistoli, H. Elsemary, T. Alpcan, M. H. R.
Khuzani, and A. A. Economides, “Game theoretic path selec-
tion to support security in device-to-device communications,”
Ad Hoc Networks, vol. 56, pp. 28–42, 2017.
[53] V. Kumar, A. Jain, and P. N. Barwal, “Wireless sensor net-
works: security issues, challenges and solutions,” International
Journal of Information and Computation Technology (IJICT),
vol. 4, no. 8, pp. 859–868, 2014.
[54] Z. Fei, B. Li, S. Yang, C. Xing, H. Chen, and L. Hanzo, “A sur-
vey of multi-objective optimization in wireless sensor net-
works: metrics, algorithms, and open problems,” IEEE
Communications Surveys & Tutorials, vol. 19, no. 1, pp. 550–
586, 2017.
[55] M. Iqbal, M. Naeem, A. Anpalagan, A. Ahmed, and M. Azam,
“Wireless sensor network optimization: multi-objective para-
digm,” Sensors, vol. 15, no. 7, pp. 17572–17620, 2015.
[56] D. Kandris, M. Tsagkaropoulos, I. Politis, A. Tzes, and
S. Kotsopoulos, “Energy efficient and perceived QoS aware
video routing over wireless multimedia sensor networks,” Ad
Hoc Networks, vol. 9, no. 4, pp. 591–607, 2011.
[57] N. Aitsaadi, N. Achir, K. Boussetta, and G. Pujolle, “Multi-
objective WSN deployment: quality of monitoring, connectiv-
ity and lifetime,” in In 2010 IEEE International Conference on
Communications, pp. 1–6, Cape Town, South Africa, 2010.
[58] J. Jia, J. Chen, G. Chang, Y. Wen, and J. Song, “Multi-objective
optimization for coverage control in wireless sensor network
with adjustable sensing radius,” Computers & Mathematics
with Applications, vol. 57, no. 11-12, pp. 1767–1775, 2009.
[59] A. Konstantinidis, K. Yang, Q. Zhang, and D. Zeinalipour-
Yazti, “A multi-objective evolutionary algorithm for the
deployment and power assignment problem in wireless sensor
networks,” Computer Networks, vol. 54, no. 6, pp. 960–976,
2010.
[60] S. Sengupta, S. Das, M. D. Nasir, and B. K. Panigrahi, “Multi-
objective node deployment in WSNs: in search of an optimal
trade-off among coverage, lifetime, energy consumption, and
connectivity,” Engineering Applications of Artificial Intelli-
gence, vol. 26, no. 1, pp. 405–416, 2013.
[61] P. Patrinos, A. Alexandridis, K. Ninos, and H. Sarimveis,
“Optimal variable selection in nonlinear modelling based on
evolutionary computation,” International Journal of Neural
Systems, vol. 20, pp. 365–379, 2012.
[62] P. Doganis, A. Alexandridis, P. Patrinos, and H. Sarimveis,
“Time series sales forecasting for short shelf-life food products
based on artificial neural networks and evolutionary comput-
ing,” Journal of Food Engineering, vol. 75, no. 2, pp. 196–204,
2006.
[63] A. Alexandridis, P. Patrinos, H. Sarimveis, and G. Tsekouras,
“A two-stage evolutionary algorithm for variable selection in
the development of RBF neural network models,” Chemo-
metrics and Intelligent Laboratory Systems, vol. 75, no. 2,
pp. 149–162, 2005.
[64] A. Alexandridis, E. Paizis, E. Chondrodima, and M. Stogiannos,
“A particle swarm optimization approach in printed circuit
board thermal design,” Integrated Computer-Aided Engineering,
vol. 24, no. 2, pp. 143–155, 2017.
[65] A. Alexandridis, E. Chondrodima, and H. Sarimveis, “Cooper-
ative learning for radial basis function networks using particle
swarm optimization,” Applied Soft Computing, vol. 49,
pp. 485–497, 2016.
[66] A. Alexandridis, E. Chondrodima, and H. Sarimveis, “Radial
Basis Function network training using a non-symmetric parti-
tion of the input space and Particle Swarm Optimization,”
IEEE Transactions on Neural Networks and Learning Systems,
vol. 24, no. 2, pp. 219–230, 2013.
[67] I. T. Famelis, A. Alexandridis, and C. H. Tsitouras, “A highly
accurate DE-PSO algorithm for the construction of initial
value problem solvers,” Engineering Optimization, vol. 50,
no. 8, pp. 1364–1379, 2017.
[68] M. Stogiannos, A. Alexandridis, and H. Sarimveis, “An
enhanced decentralized artificial immune-based strategy for-
mulation algorithm for swarms of autonomous vehicles,”
Applied Soft Computing, vol. 89, p. 106135, 2020.
5Wireless Communications and Mobile Computing
